Abstract: Mosquito-borne
Introduction
Mosquitoes are insects known for their annoying habit of biting animals to obtain blood as the protein source to mature their eggs. During their blood meal, mosquitoes can transmit a wide variety of pathogenic agents, ranging from viruses to parasites, to their animal hosts. Several mosquito-borne diseases (MBDs) have been recognized for centuries and are associated to specific environmental conditions; for example, malaria was linked to the swamps by Roman authors as early as the third century BC.
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Calzolari to humans, and in 1900, Aedes aegypti was confirmed to transmit yellow fever. 1 The ability of these diseases to travel in humans was recorded in historical time by the inadvertent export of some of these diseases, including malaria, 2 yellow fever, and dengue, 3, 4 from the Old World to the Americas by the slave trade.
Europe was endemic for malaria, a disease known for centuries causing underdevelopment in endemic areas, and finally eradicated in 1975. 5, 6 Nevertheless, Europe experienced epidemics of hemorrhagic fever transmitted by mosquitoes in its port cities in the 18th and 20th centuries (see "Historically reported diseases" section).
Although the MBDs are more prevalent in the tropics and in counties with diffused poor socioeconomic conditions, 7 the health problems related to these diseases are now increasingly reported in Europe; for example, the chikungunya outbreak in Italy in 2007, or several episodes of locally acquired dengue and chikungunya in France and Croatia (see "Diseases at risk of introduction" section and Table 1 ).
The increasing incidence of such episodes in last 10 years demonstrated that Europe is not immune from MBDs, and that the continent is increasingly exposed to the return of old pathogens and to the importation of new ones, due to the modern social scenarios associated with greater movement of people and products and with changes in environmental conditions, such as climatic and landscape modifications.
Mosquito bionomics
Mosquitoes are dipterans of the Nematocera suborder, all placed within the Culicidae family. Approximately 3,200 species and subspecies of mosquitoes are recognized, and divided into 42 genera. 6, 8 In Europe, the most relevant species from a medical point of view belong to the genera Anopheles, Culex, and Aedes 5, 6, 9 (in this review, Ochlerotatus and Stegomyia taxa were considered as subgenera of the Aedes genus) ( Table 2 ). The definition of the composition of the mosquito fauna in a particular area is not always simple because of the presence of grouped complex, morphologically indistinguishable or hardly distinguishable sibling species. 10 This is particularly true for the Anopheles mosquito: among the 460 species within the genus, 70 are known to transmit malaria and approximately 40 are important vectors. Several malaria vectors are grouped in closely related species that are morphologically similar but differ in biology, and hence in their capacity to transmit malaria (Table 2) . 6, 8 Regarding the host preference, mosquitoes can be more generalists or bait preferentially a particular group of animals, such as mammals or birds. 8 Some species have a strict preference for one species only, such as the yellow fever mosquito (Ae. aegypti) which is an anthropophilic mosquito. 8, 11, 12 The host preference is an important mosquito characteristic that strongly influences the vector capacity of the species (see "Mosquito-pathogen interactions" section). 13 These insects have great adaptability to different environments. Since the immature stages are aquatic, they are linked to fresh or brackish water. Depending on the species, mosquitoes are capable of breeding in a wide variety of aquatic environments: man-made containers of variable dimensions (eg, used cans, plastic containers, flowerpot saucers, etc), manholes, cesspits, catch basins, snow-melt ponds, tree holes, leaf axils, ditches, flooded basements, flooded meadows, fountains, marshes, peat bogs, ponds, rice fields, river banks, springs, wells, and marshes. 6, 8, 9, 14 Mosquito larvae usually do not occur in running or open waters; they prefer edges that provide shelter and minimal running water. 6, 8 Some mosquitoes, such as Culex or Anopheles species, deposit eggs directly onto the water surface of a preferably permanent environment, while other mosquitoes, such as Aedes species, deposit eggs in mud, leaf litter, or damp substrates near the water. These latter species breed in more transient environments and usually show population peaks after increases in the water level; for example, after flooding or rains. Eggs of these species are often very resistant to desiccation and can remain viable for years in a dry state. 6, 8, 10, 14 
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Mosquito-borne diseases in europe
All mosquito larvae breathe atmospheric air by accessing the water surface; those of the Coquillettidia genus have a modified siphon and breathe by exploiting the immersed parts of plants. This characteristic allows the larvae to occupy water that is polluted or rich in organic material -an environment with fewer competitors and predators. Larvae feed on detritus, algae, and aquatic microorganisms, and after three molts, they become pupae. The larval duration is variable, depending primarily on temperature and food sources, and, in good conditions, it could last 7-10 days; 6 the larvae can also survive as an overwintering stage; the duration of the pupae, a stage unable to feed, can last from 2 to 3 days up to a week. 6, 10 The total development time, from egg to adult, can last 10 days for certain Culex and Aedes mosquitoes, 8, 10 while Anopheles species have longest development time, and Mansonia and Coquillettidia show protracted life cycle. 8 Adult mosquitoes feed on sugary liquids (eg, nectar, damaged fruits, vegetative tissues, and honey dew); 15 only the females need a blood meal to mature their eggs. These insects can deposit hundreds of eggs per oviposition. The time between the blood meal and the maturation of the eggs ranges from 2 to 3 days in hot conditions to up to 1-2 weeks at lower temperatures; 6, 8 this interval is known as gonotrophic cycle, a mosquito may have different gonotrophic cycles during her life. 13, 14 Some mosquito species do not fly away from their larval breeding sites (hundreds of meters for Aedes albopictus 16, 17 and Ae. aegypti), 8, 18 while other species may travel over great distances, such as Culex mosquitoes, which can fly approximately 2 km away from its breeding sites, 19 and even greater distances, especially if carried by the wind (distances over 20 km are reported for Aedes vexans).
14 Adult females live 1-2 weeks in the tropics, but in temperate countries they may live 1-2 months. 6 Some mosquitoes overwinter as adults (such as Anopheles and Culex species); this provides a possible way of overwintering for pathogens, through the infected female. In other species (Aedes genus), the eggs are the stage that survive the unfavorable season; the production of diapausing eggs can allow the overwintering of pathogens through vertical transmission. 6, 8, 10 Mosquitoes can be transported for long distances by cars, trains, ships, and airplanes. If these specimens are infected, then the pathogen could travel with the mosquito. Eggs or immature stages of mosquitoes could be also transported with commercial products. Several invasive species within the Aedes genus (eg, Ae. albopictus, Ae. japonicas, Ae. atropalpus, Ae. koreicus, Ae. triseriatus, and Ae. aegypti) are transported primarily by humans, and have been increasingly reported in Europe since 1990. 12 The more impressive case is the tiger mosquito (Ae. albopictus), whose eggs were transported in used tires, a good breeding site for this mosquito, and traded worldwide, likely arising from infested deposits in Japan. 20 Tiger mosquito eggs were also transported with ornamental plants such as lucky bamboos. 21 Today, this species is diffused throughout several counties outside its native area (Asia) and is expanding its home range to Europe and North and South America. That this species could have such expansion and be so often regarded with indifference by people and authorities is surprising, given that Ae. albopictus is a competent vector of several arboviruses. 6, 7, 17, 21 
MBDs

Human MBDs
Human vector-borne diseases account for 17% of the estimated global burden of all infectious diseases. 22 The major part and most widely distributed of these diseases are transmitted by mosquitoes. 7 The more relevant MBDs, with an estimate of their global burden are reported in Table 3 . 23 Among the known MBDs, the one that is the greatest cause of mortality in human is malaria, the disease caused by Plasmodium parasites. The World Health Organization 6 These parasites circulate between humans and mosquitoes. Plasmodium knowlesi, a species typical of monkeys, is an important human pathogen in particular areas of Southeast Asia. 25 Malaria is endemic in 97 countries; more than 90% of malaria cases occur in subSaharan Africa. 24 Lymphatic filariasis is a neglected disease transmitted by mosquitoes, with an impressive estimation of 120 million human infections worldwide, distributed in endemic counties in sub-Saharan Africa, Southern Asia, the Eastern Pacific Islands, and, to a lesser extent, in South America. 6, 26 This disease is caused by three species of nematode: W. bancrofti, Brugia malayi, and Brugia timori; the first species accounts for approximately 90% of the cases. 26 The role of other vertebrates as reservoir hosts of this disease is marginal, recorded only for B. malayi. 8, 27 Other filarial worms of the genus Dirofilaria, which primarily cause disease in animals, could accidentally infect humans by encysting in subcutaneous tissues. 5 Mosquitoes were also suspected to have a more than merely mechanical role in the transmission of tularemia, the disease caused by the gram-negative bacterium Francisella tularensis. 28 Arthropod-borne viruses, known as arboviruses, are a group composed of viruses from different families, without a taxonomic significance but with an epidemiological relevance ( Table 4 ). Many arboviruses transmitted by mosquitoes are recognized as disease agents, and cause mainly systemic febrile disease, hemorrhagic fever, encephalitis, and polyarthralgia. 6, 29 Some of these can cause serious illness, while others just provoke just mild disease. Other viruses are not definitively linked to human disease, such as viruses isolated from a few sick persons or only serologically detected in humans (as Arumowot virus, Kedougou virus, Nyando virus, Shuni virus, and Tanga virus). Abbreviations: DALYs, disability-adjusted life years; MBDs, mosquito-borne diseases. Table 4 Arboviruses transmitted by mosquitoes causing (or suspected to cause) disease in humans Many mosquito-borne viruses belong to the Flavivirus genus, which includes some of the more pathogenic viruses; these may provoke hemorrhagic fevers or encephalitis. Yellow fever and dengue are two of the major world diseases caused by flaviviruses, with 200,000 cases estimated of yellow fever (30,000 deaths, 90% occurring in Africa), 30 and 2.35 million cases of dengue in the Americas alone in 2013, of which 37,687 cases were severe. 31 While dengue is spread in tropics and subtropics worldwide, yellow fever show a tropical distribution but does not occur in Asia. 6 Both diseases are principally transmitted by the invasive mosquito Ae. aegypti; while Ae. albopictus has a secondary, but increasingly important, role in dengue transmission (see "Mosquito-pathogen interactions" section). WHO reported approximately 68,000 clinical cases of Japanese encephalitis every year (the first viral encephalitis in Asia); 32 it is transmitted by several species of mosquitoes, principally rice-field mosquitoes. 6 The globally widespread West Nile virus (WNV) causes symptoms in approximately 20% of infected persons, of which approximately 1% could develop encephalitis; 33 however, the presence of that virus raises problems in the safety of transfusions and transplants.
Another virus related to WNV, but with no clear pathogenic potential for humans, is the Usutu virus (USUV). 34 Other flaviviral diseases are St Louis encephalitis, endemic in the USA and Canada; the Rocio encephalitis, reported in Brazil; and the Murray Valley encephalitis typical of Australia. 6 An emerging flavivirus is the Zika virus, isolated in Africa and subsequently in Asia; 6 this virus caused an outbreak in Western Pacific countries in 2013-2014, with an estimation of 19,000 suspected cases in 2013, 35 and in 2015 it was detected in Brazil. 36 At the beginning of 2016 circulation of Zika virus has been recorded in 20 American countries, and seems linked with congenital malformations, particularly microcephaly. 36 Some arboviruses belong to the Alphavirus genus and produce symptoms that include hemorrhagic fever, arthritis, and encephalitis. 6, 29 Chikungunya virus (CHIKV) is known as one of the main emerging pathogens, sustained outbreaks of CHIKV spread in many counties, departing from the 2005 outbreak in Indian ocean, to the ongoing outbreak in the Caribbean (which started in 2013), and also resulted in an outbreak in Italy in 2007. 37 The O'nyong-nyong virus is closely related to CHIKV; it circulates in Africa, where it also caused large epidemics. Interestingly, this virus is transmitted by Anopheles mosquitoes. 6 This genus includes the most common agents of encephalitis in the Americas: Venezuelan equine encephalitis virus, Eastern equine encephalitis virus, and Western equine encephalitis virus. 6 Several alphaviruses have primates as reservoir hosts, and then become potentially dangerous for human (such as the Mayaro virus, reported in South America, CHIKV, O'nyong-nyong virus) or can develop a human viremia suitable for vector transmission (Venezuelan equine encephalitis virus) (Table 4) . 3, 6 Another alphavirus present in Europe, but also found in Asia and Australia, is the Sindbis virus (SINV), while the Ross River virus and Barmath Forest virus are particularly dispersed in Australia. 6 Several arboviruses fall in the Orthobunyavirus genus (Table 4) , and at least four are present in Europe (see "Emerging and endemic pathogens" section). Orthobunyaviruses cause febrile illness in humans, were isolated from forest environments in South America, and their detections were linked to human activities such as deforestation, mining, urbanization, and dam and highway construction. 38 Although a large part of the pathogenic phleboviruses is transmitted by sandflies, some of them were isolated from mosquitoes. 5, 6, 29 Rift Valley fever virus (RVFV) is the more dangerous phlebovirus transmitted by mosquitoes in terms of its pathogenic potential: it circulates between domestic ruminants and can be transmitted to humans through contact or ingestion of organic fluids. 6 Several outbreaks of Rift Valley fever have been recorded in Africa: an outbreak affecting more than 89,000 persons was recorded between Somalia and Kenya in 1997-1998, but this virus also affected the Arabian Peninsula and Isles in Indian Ocean. 6, 29 Other phleboviruses isolated from mosquitoes have not been associated with disease, but Arumowot virus was serologically detected in populations of Africa and Asia 39 and was also serologically detected in Southern Italy. 40 Other viruses within the Reoviridae family were mainly isolated from mosquitoes and have been suspected to have pathogenic capacity: the Banna virus (genus Seadornavirus) spread in Asia is a likely causative of encephalitis, 41 and the two orbiviruses, the Lebombo and Orungo viruses primarily isolated from mosquitoes, are also linked with human disease but their cycle is largely unknown. 29 Sometime mosquitoes are also suspected to play a secondary role in transmission of arboviruses primarily spread by other arthropods; for example, the Oropouche virus, a causative agent of encephalitis and primarily transmitted by culicoids. 6 
Mosquito-pathogen interactions
Vector-borne diseases are illnesses transmitted by an infected person, or animal (reservoir host), to another person, or animal, by another living organism (vector). 13 Mosquitoes are the best-known disease vectors. 7 Unlike mechanical 
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Calzolari transmission, vector-borne disease transmission involves the biological transmission of the pathogen, and its reproduction, or development, in the vector before transmission to the next vertebrate host. 13 A pathogenic agent must cross several physical barriers inside the vector to infect it (ie, midgut barriers), and then be transmitted via saliva (ie, salivary gland barriers); 42 once infected, a biological vector usually remains infected for life. 13 Parasites infect mosquitoes by an infected blood meal. In addition to this mechanism, arboviruses can be transmitted by other routes, such as horizontal transmission during mating, transovarian transmission, cofeeding transmission, and vertical transmission to the eggs during oviposition. 13 While a single bite of an infective mosquito can transmit malaria or arbovirus, several bites are necessary to transmit filarial infection.
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The MBD cycles comprise a dynamic interaction between pathogen, vertebrate host, vector, and environment, 13 and could involve various vectors and hosts that have different weight in the transmission of the pathogen and can vary in distinct geographical areas. While the four main Plasmodium causes of malaria in humans circulate between mosquito and human, 6, 8 they harbor a sexual and asexual phase respectively; the virus cycles usually involve a wider range of species.
The agent of mosquito-transmitted disease could circulate in a sylvatic cycle (or enzootic cycle) between the mosquito and wild reservoir hosts, which often act as amplification hosts, and rarely affect humans by the occasional spillover that occurs under certain conditions. 13 Human can be infected tangentially by "bridge" mosquitoes that occasionally bite humans but usually feed on other animals, such as birds in the case of WNV and SINV. 6, 13 The involvement of migratory birds as hosts can facilitate the pathogen spread over great distances. 29 Some arbovirus cycles involve domestic animals as amplifying hosts, exposing humans to the risk of infection (eg, Venezuelan equine encephalitis, Japanese encephalitis, and Rift Valley Fever). 6 The agent for which humans represent a potential amplification host could also trigger an epidemic cycle (Table 4) . 13 These agents have high pathogenic potential and can be exported from one country to another via a sick person. Some of these are particularly dangerous because they can develop urban cycles upon reaching a densely populated area occupied by a competent vector that is adapted to feeding on humans (eg, urban dengue, chikungunya, and yellow fever). 3 A more complex situation can also involve a rural cycle that links sylvatic and urban cycles, such as yellow fever and dengue. 6 Vector competence refers to the intrinsic capability of a vector to transmit a pathogenic agent. It results from a series of biological characteristics, such as the permissiveness of host barriers to penetration of the agent, 13 since the pathogenic agents have to cross the gut and reach the salivary glands of the mosquito to be transmitted to another host. Every mosquito has a particular competence for a pathogen; sometimes, distinct populations of the same mosquito have a different vector competence. Other than the biological ability to transmit a virus, which could be tested under controlled conditions, other criteria are necessary to incriminate a species as a vector, such as a natural infection and the seasonal association with the reservoir hosts. 13 Vector capacity is the overall ability of a vector species in a given location and specific time to transmit a pathogen. 13 It is influenced by factors such as vector population abundance, longevity, feeding behavior, and gonotrophic cycle lengths and numbers. 13 The most competent vector in laboratory conditions is not always the principal vector in field conditions. Experimental studies indicated that Culex modestus is a better WNV vector than Culex pipiens, 43 but the latter mosquito seems to play the main vector role in different areas based on its abundance. 44 An important consideration is that the absence of a proven vector of a pathogen in an area does not automatically mean that this area is free of risks since the autochthonous mosquitoes, not yet tested for this pathogen, could be potential vectors. This is particularly true for viruses that have different potential vectors, such as RVFV, which could be transmitted by several species of mosquitoes in different geographical areas in Africa, and is linked to the environments in which mosquitoes can proliferate. 45 The entrance of Rift Valley fever is a risk for Europe, and it would be incorrect to exclude from risk, a priori, areas suitable for proliferations of mosquitoes with uncharacterized vector competences for RVFV.
Nevertheless, the association between a vector and a virus is not a paradigm; adaptation of a pathogen to other mosquitoes is possible, particularly in the transmission of local pathogens by exotic species. The capacity of CHIKV to shift from Ae. aegypti to Ae. albopictus was already reported, and linked with a single amino acid mutation (from alanine to valine at position 226 of the envelope glycoprotein) recorded in strains which caused epidemics in Indian Ocean, Asia, and also in strain which caused the Italian outbreak. Other mutations of CHIKV, linked with enhanced capacity to be transmitted from Ae. albopictus, were also Mosquito-borne diseases in europe recorded in Asian lineage. 46 A similar phenomenon could be hypothesized for Dengue virus (DENV). 12 Dengue outbreaks were linked to the presence of Ae. aegypti, and epidemics sustained by Ae. albopictus are rare, but reported. 12, 47, 48 The adaptation of DENV to the mosquito Ae. aegypti, was driven by the circulation of the virus in areas with high density of the reservoir host (humans) and this mosquito. 4 However, DENV circulated between sylvatic Aedes mosquitoes (including the Asian tiger mosquito) in the original habitats in Asia, before its adaptation to Ae. aegypti. 4 A possible "readaptation" of the virus to Ae. albopictus is not unlikely. Recent epidemic events sustained by Ae. albopictus, particularly the outbreak in Tokyo with at least 100 cases, 49 indicate that this "readaptation" is ongoing.
MBDs in Europe Historically reported diseases
Europe was endemic for malaria, and this disease reached the northern limit of Central England, Southern Norway, Central Sweden and Finland, and Northern Russia, but the Mediterranean and Eastern Europe were the most exposed areas to the disease. 5 The first noticeable decline of malaria was seen during the 19th century due to new agricultural practices, land drainage, and changed social conditions (such as housing improvement). The final disappearance was probably due to the changed ecological conditions linked to elimination of larval breeding sites of Anopheles species, to the improvement in health systems, and ultimately to large-scale eradication campaigns. 5, 6 Europe experienced hemorrhagic fever outbreaks due to mosquito-borne viruses in the 18th century. Although the diagnosis of the pathogen causing historical outbreaks is difficult, at least 20 epidemics, recorded in Europe in the 19th century, were attributable to yellow fever. In the 1800, epidemics occurred in Cadiz, Seville, and Gibraltar, with an estimated number of 51,000 victims. 50 Furthermore, epidemics ascribable to dengue were recorded in Europe from the second half of the 18th century until 1927-1928 in Greece, with an outbreak that caused more than 1,000 deaths. 51 These outbreaks occurred in ports after the docking of a ship with human cases. Ancient ships had different breeding sites for Ae. aegypti (as barrels for water and bilge water), 11 and the virus could circulate between mosquitoes and passengers. Mosquitoes arriving with ships proliferated in port cities, usually characterized by abundant breeding sites (such as containers for water storage), 11, 50, 51 thereby initiating epidemics in naive populations. Despite these episodes, the Ae. aegypti mosquito was unable to establish itself permanently in Europe, 12 probably because of the inability to produce dormant eggs capable to survive the temperate winters. 11, 14, 52 emerging and endemic pathogens
In recent years, a recrudescence of WNV was recorded in Europe. This virus was first serologically detected in Europe in two patients in Albania, in 1958. 5 Subsequently, the virus was recorded discontinuously, with sporadic cases in several countries, until the 1996 outbreak in Romania with 683 suspected cases (Figure 1) . 6 An increasing number of cases was reported in the EU over the years, as reported by European Centre for Disease Prevention and Control (ECDC) between 2014 and 2011, with 672 autochthonous cases (128 in 2011, 242 in 2012, 228 in 2013, and 74 in 2014). 53 This virus shows a complex cycle, which could involve distinct species of mosquito and wild birds in different areas. Different Culex mosquitoes can be the main vectors of WNV in distinct areas, depending on ecological conditions; 6 in Europe, this role is often played by Culex pipiens. 9, 34 Due to this ecological plasticity, WNV can assume complex circulation patterns, as were recorded in several European areas, with alternating periods of circulation or cocirculation of different strains. 54 Complex phenomena, such as herd immunity in wild birds, are likely to be involved in these patterns.
Another flavivirus widely detected in Europe is the USUV; this virus is closely related to WNV and shows a similar cycle, circulating between mosquitoes and wild birds.
5,34
The USUV was first detected in Europe in 2001 in Vienna, where it caused an abnormal mortality in blackbirds, 34 but it was retrospectively detected in birds that died in 1996 in Italy. 55 The health implications of this virus are not well defined; it seems that this virus could cause diseases in humans, since two cases of neurologic disease due to this virus were reported in immunesuppressed persons in Italy and three cases of meningitis were attributed to this virus in Croatia. 55 This virus, however, seems less pathogenic than WNV, as the minor number of USUV human cases recorded in area of sympatric circulation of both viruses, 56, 57 as Northern Italy, in which USUV was persistently detected over the years, conversely to WNV. 57 Different arboviruses are autochthonous in Europe, such as the SINV (Alphavirus), known as the causative agent of a human disease most often recorded in Scandinavia and South Africa, 5, 6 but this virus is also found sporadically in Central Europe. 34 The disease is characterized by fever, rash, and arthritis and is named Ockelbo disease in Sweden, Kerelian fever in Russia, and Pogosta disease in Finland. 6 In 58 Three orthobunyaviruses are also present in Europe (Figure 1 ): the Tahyna virus (TAHV), which causes Valtice fever (principally transmitted by Aedes vexans), 6 and two viruses transmitted by several Aedes species: Snowshoe Hare virus (isolated in European Russia) and Inkoo virus (Figure 1) . 5, 34 These viruses cause influenza-like symptoms, with possible involvement of the central nervous system, but mortality has not been definitively associated with them. 34 They infect different wild animals, particularly lagomorphs. Recrudescence of human disease due to TAHV was linked to floods in Eastern Europe and the subsequent proliferation of mosquitoes. 34 Another pathogenic orthobunyavirus present in Europe is the Batai virus (Figure 1) , the causative agent of influenza-like symptoms, but it is not associated with clinical disease. 5 Several of these viruses were detected through serological survey or by biomolecular methods in vectors. An example is the TAHV that was detected or isolated from different sources in the 70s in European countries (Figure 1 ) but was also recently directly detected in mosquitoes in Italy 59 and Austria. 60 These results are consistent with the continuous circulation of the arboviruses within the European territory, which could result in several undiagnosed human cases of mild or sporadic disease. The possible recrudescence of these viruses may be due to the significant warming recorded in recent decades in Europe, which could change the distribution and abundance of mosquitoes or increase virus replication in mosquito vectors. 34 Mosquitoes are also recorded as important vectors of tularemia in particular areas of Scandinavia. Tularemia can be transmitted from host to host by a variety of routes, including arthropods. 8 Ticks are usually recognized as the primary vector of this disease, but mosquitoes are involved in the transmission in Scandinavia, 28 possibly by trans-stadial transmission. 61 The two agents of pulmonary and subcutaneous dirofilariasis, Dirofilaria immitis and Dirofilaria repens, are widespread in Europe, but although the incidence of this disease is probably underestimated, no fatalities directly linked to these nematodes were recorded in Europe. 5 
Diseases at risk of introduction
After the eradication of malaria, several human cases with a probable autochthonous origin were reported over the years, Mosquito-borne diseases in europe demonstrating that a malarogenic potential is still present in Europe. Infected mosquitoes could be transported directly from endemic countries, especially by airplanes, causing airport malaria; approximately 90 cases of malaria due to this phenomenon were reported between 1969 and 2001 in Europe. 5 The phenomenon of airport malaria confirms the possible importation of an MBD by infected mosquitoes and highlights the need for disinfection of aircraft coming from airports situated in endemic countries.
Local populations of Anopheles mosquitoes can transmit plasmodia imported by travelers (as migrants, infected tourists, business travelers) and cause autochthonous malaria; malaria was the first imported disease in Europe. 62 Another localized episode of local transmission of malaria, with 18 cases, was recorded in Bulgaria in 1995-1996. 5 This is an impressive discovery, but due to today's European life habits and health system, the reintroduction of malaria seems to be low. 63, 64 Deterioration of these parameters may raise this potential, but the importation of a number of plasmodia adequate to reintroduce the disease seems unlikely, episodes of local transmission shall be possible, and malaria surveillance should remain a priority. 65 the largest part of these cases were imported cases. Since the possibility of local transmission was first hypothesized for the establishment of the exotic tiger mosquitoes -and in 2007 this was unfortunately demonstrated by the outbreak of chikungunya in Italy, in which the virus arrived with an infected person coming from India -the already present Asian tiger mosquito transmitted the virus, causing more than 250 cases. 66 Autochthonous cases of dengue and chikungunya were reported over the years in Europe mainland in Croatia, France, and Spain (Table 1 and Figure 1) . 12, [65] [66] [67] [68] [69] [70] [71] [72] Another episode was recorded in Madeira, a European territory near to Africa, in which the established Ae. aegypti population sustained a dengue outbreak with 2,168 probable and 1,080 confirmed dengue cases. 65 These episodes testify to the concrete risk of the introduction of one of these mosquito-borne viruses into Europe. Crucial aspects regarding the possible introduction of imported cases are the outbreak strength and seasonality, which influence the frequency of the infected persons arriving in Europe during vector season. Outbreaks concordant with the European seasons are more dangerous, as shown by the recent chikungunya outbreak in the Caribbean, or the 2010 worldwide increase of dengue cases that improved the number of sick travelers arriving in Europe. 7, 65 Moreover, emerging viruses with a few diagnosed cases in Europe, such as the Zika virus, must carefully be surveyed. 73 The duration of viremia or parasitemia in affected persons is another important parameter that must be taken into account when considering potentially importable mosquito-borne pathogens. Furthermore, infected but asymptomatic persons can infect mosquitoes, at least for DENV. 74 The arrival of exotic pathogens in areas with competent mosquito populations raises concerns about their possible establishment. Despite initial concerns, CHIKV did not become endemic in Italy due to its poor vertical transmission in the vector. 75 For other viruses, such as flaviviruses like DENV, vertical passage in mosquito vectors was reported, and this raises the possibility of an establishment of these viruses. 13, 27, 34, 48 The main route of introduction of exotic MBD is then not only represented by sick travelers, but also in other human activities such as animal trade (livestock, pets, zoo animals, and illegal trade) or direct transportation of infected mosquitoes by car, plane, or ship, could result in the import of mosquito-borne pathogens into Europe. 5, 34 Moreover, the importation of a disease by the trade of infected animal products is conceivable for some agents, as in the case of RVFV. 76 Natural expansion of MBD is more improbable, but possible, as seen with infection in migratory birds. 5 Characteristics of some of these pathogens raise the possibility of the use of some of these as agents of biological terrorism.
Surveillance
Surveillance is a fundamental tool that helps health authorities and decision makers by providing essential information. The knowledge of the mosquitoes present in a territory and of population densities reached are indispensable data to determine if the transmission of a pathogen can occur. Detailed ECDC guidelines for surveying exotic and native mosquitoes are available. 
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Environmental surveillance, based on the fast laboratory screening of field-collected mosquitoes, is more suitable for detecting pathogens already present in the environment. Encouraging results were obtained in WNV surveillance in Northern Italy, which demonstrated that, with an adequate effort of sampling, circulation of the virus is recorded before human cases are documented. 77 Moreover, with this kind of surveillance, other nontarget viruses can also be detected and important information collected about the species of mosquitoes present.
Surveillance of syndromic cases is more useful for viruses that could be imported via infected travelers, and it is already active for several diseases in the EU. 78 The syndromic surveillance can also involve vertebrates, for diseases that cause detectable symptoms in animals (such as Rift Valley fever or West Nile disease), taking in account eventual vaccine applications. Particular attention must be paid to the seasons in which possible vectors are present in high density in a specific area. An integrated approach of both systems is necessary to obtain a valid surveillance system. 12, 79 The combination of obtained information and weather and environmental data could produce good models that could explain fundamental factors involving the disease appearance and circulation. 13 The efficacy of disease surveillance will enable the early detection of cases and the prompt implementation of control measures.
Conclusion
Europe could be affected by MBDs, both by the recrudescence of pathogens already present on the territory and for the importation of exotic agents, particularly by sick travelers.
The increasing numbers of travelers and traded products amplify the risk that a pathogen can arrive in Europe; worldwide epidemics of MBDs in the period of mosquito activities augment the risk of introduction. High populations of exotic mosquitoes, able to transmit these viruses, are now established in Europe. The Italian epidemic of chikungunya, in which an Asian mosquito transmitted a virus of African origin in a European country, reflects the paradigm of globalization.
A potentially pathogenic agent can appear unexpectedly in a territory, as occurred for the USUV in Europe, or for the Schmallenberg virus, a virus transmitted by culicoids and pathogen for ruminants that suddenly appeared and rapidly spread in Central Europe, 80 and was probably introduced into the affected area from another country in an as yet unknown way.
Correct prophylaxis and personal protection for travelers in endemic countries can reduce the potential for introduction of MBDs, but these measures are not always undertaken, and are available only for some pathogens, such as the vaccines for yellow fever and Japanese encephalitis, or prophylaxis for malaria. Socioeconomic factors, which are not easily manageable, are also involved in the diffusion of MBDs, due to illegal immigration or armed conflicts that start mass movements of refugees and deterioration of health services.
The presence of MBD represents a direct health problem for the affected area, but often poses indirect problems for the necessity of screenings of blood for transfusions and solid organs for transplants in order to exclude the presence of pathogens, with relevant costs for Health Systems, as is seen for the case of WNV. 65, 77, 78 This raises the necessity of preparedness for the possible introduction or recrudescence of MBDs. This implies that a series of actions needs to be undertaken: the training and alerting of physicians to guarantee a correct diagnosis of these diseases and rapid detection of possibly imported cases; the supplying of diagnostic laboratories with all the necessary tests to detect these pathogens; the proper management of affected patients to avoid infection, such as allowing recovery in mosquito-free places during the period of viremia; information campaigns on personal protection against mosquito bites and for containment of peridomestic mosquitoes; larval control to contain mosquito populations or adulticide action in areas with risk of transmission, such as domiciles of imported cases of dengue and chikungunya. These actions could be provided by the establishment of a risk assessment plan as a relative measure to adopt in different scenarios, such as provided by the ECDC for WNV. 79 The interconnection of multiple factors in the emergence of these pathogens is evident; for example, the decrease in the natural environment in developing countries, caused by the exploitation of natural resources, can prompt pathogens out from their sylvatic cycle. These pathogens can travel with people and reach territories thousands of kilometers far, where the conditions are suitable for causing an epidemic.
Clearly, only a coordinated approach between countries -possibly on a global scale -and an interdisciplinary approach can effectively deal with MBDs, which do not recognize borders.
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